07/14/2009 TUB 16:05 PAX 13127048137 



0041/077 



® 




Europ&isches Patentamt 
European Patent Office 
Office europ6en des brevets 



lillililliiHI 

Publication number: 0 500 068 A2 



® 



0 Application number: 92102748.8 
(g) Date of filing: 19.02.92 



EUROPEAN PATENT APPUCATION 

O Int. a.': B41J 2/175 



(§) Priority: 2a02.91 JP 45542/91 


® Applicant: CANON KABUSHIKI KAISHA 


27,06.91 JP 157044/91 


30-2, 3-chome, Shimomaruko, Ohta*ku 


31.10.91 JP 286664/91 


Tokyo(JP) 


@ Date of publication of application: 


@ Inventor: Jmaniura, Isao, ofo Canon KabushikI 


26.08.92 Buiretin 92/35 


Kalsha 


@ Designated Contracting States: 


3*30-2,8 h i momaru ko 


Ohta-ku, Tokyo(JP) 


AT BE CH DE OK ES FR QB OR IT LI LU NL PT 


Inventor: tnamoto, Tadayoshi, o/o Canon 


SE 


Kabuahlkl Kafaha 




3-30-2,Shlmomaruko 




Ohta-ku, Tokyo( JP) 




® Representative: Peilmann, Hans-Bernd, 




Dlpl.«inO' 




PatentanwaltsbUro Tiedtke-Bahllng-Kinne & 




Partner, Bavariarlng 4. 




W-8000 iUUnchen 2(DE) 



S! 

00 

to 
o 

o 
m 



Ul 



@ Ink Jet recording head, recording apparatus using same and method for manufacturing same. 

@ An ink jet recording head includes a plurality of ejection outlets for ejecting ink; discrete ink passages 
communicating witii respective ejection outlets; a common liquid passage communicating with the discrete ink 
passages for supplying ink thereto; a liquid chamber for supplying the ink to the common ink passages; and a 
filter, constituted by plural projections between the common liquid passage and the liquid chamber, constituted 
by plural projections, for preventing foreign matter from entering the' discrete Squid passages, wherein the 
adjacent one of the projections define a liquid passing area having a size smaller than that of the ejection outlets. 
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FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to an ink jet recording head, a recording apparatus using the same and a 
method for manufacturing the ink jet recording head, the recxirding head comprising ejection outlets, liquid 

6 passages communicating with the ejection outlets, ejection energy generating elements for generating 
enemy for ejecting the Ink through the ejection outlets and provkled for the liquid passages and an Ink 
supplying portion communicating with the liquid passages. 

Referring first to Rgure 18. an ink jet recording head which will hereinafter be called simply "recording 
head" usable with an ink jet recording apparatus, generally comprises ejection outlets 16 through whteh ink 

10 is ejected, a liquid chamber 11 for containing the ink to be supplied to the ejecdon outlets 16, liquid 
passages 15 for communicating the ejection outlets 16 and the liquid chamt>er 11. energy generating 
elements provided for the respective liquid passages 15 to produce energy for ejecting the ink. and supply 
port 6 for externally supplying the ink to the liquid chamber 1 1 . 

In a known manufacturing method for such a recording head, the energy generating elements 2 are 

15 formed on a first base 1 by etching, evaporation, sputtering or the like. The first base is then covered with a 
positive or negattve photosensitive dry film. The dry film is exposed to negative or positive pattern 
corresponding to the ejection outlets 16. the liquid passages 15 and a part of the liquid chamber 11. Then, 
it is developed to provide on the first base a solid layer (not shown) corresponding to the ejection outlets 
16, the liquid passages 15 and the part of the liquid chamber 11. Then, the solid layer and the first base 1 

20 is covered with a proper tNckness of active energy ray curing material 24 which is cured by active energy 
rays. Subsequently, a second base 4 which Is capable of transmitting the active energy rays and which is 
provided with a recess 5 for providing the rest part of the liquid chamber 11 and for providing supply ports 
6,. is bonded on the active energy ray curing material 24 into a laminated structure so that the recess 6 is 
Signed with a position where the liquid chamber 11 is to be fomied. The second base 4 is masked such 

26 that that portkjn of the active energy ray curing material 24 at which the Uquid chamber 11 is to be formed, 
and the active energy ray curing material 24 is exposed to the active energy rays through the second base. 
The laminated structure in which the active energy ray curing material 24 Is cured is cut at the position 
where the ejection outlets 16 are fomned to expose an end surface of the solid layer. Then, it is dipped in a 
solvent capable of solving the solid layer and the uncursd active energy ray curing material, by which the 

90 solid layer and the uncured material are solved out from the laminated structure, thus terming a space or 
spaces constituting the liquid passages 15 and the Ik^uld chamber 1 1. This Is disclosed In U.S. Patent No. 
4.657,631. 

U.S. Patent 5.030,317 discloses that a solid layer for forming the liquid passages and the tlqiAd 
chamber is provided on a base plate; it is coated with active energy ray curing material; this is cured; and 

96 thereafter, the solid layer is removed. By doing so. a recording head having ejection outlets, liquid passages 
and a liquid chamber, can be produced. 

U.S. Patent No. 4.384.670 discloses a method for providing columnar or land portion or portions In the 
liquid chamber 11. Figure 19 schenutfJcally illustrated one step In the manufacturing method. As shown in 
Figure 19, a dry film photoresist is applied on a base having ink ejection pressure generatir>g elements 2, 

40 and It is patterned end exposed. By doing so. the cured photoresist film 3H is provkied while the ink 
ejection pressure generating elements 2 are exposed. Subsequently, in order to form the Ink passages 15 
and the ink supply chamber il, the photoresist is applied on the cured photoresist film 3H, and is patterned 
by exposure. 

By doing so, a cured film 5H provided the walls constituling the Ink passages 15 and the walls 
46 constituting the Ink supply chamber 11, are formed. At this time, lands 5Hi, 5Hi are formed at the position 
where the Ink supply chamber 11 is fonmed. 

The lands 5Hi and 5Hi are effective to provide support for preventing leakage, into the Ink supply 
chamber, of the dry film applied on the cured film 5H. In the subsequent steps. 

In the ink jet recording head manufactured through the above described step, the liquid supplied to the 
60 common chamber 11 Is supplied into the Ikjuid passages 15 by the capillary action. The liquid is stably 
maintained in the passages by the meniscus formed In each of the ejection outlet (orifice) at the leading 
end of the liquid passages. By supplying electric energy to the electrothermal transducers 2, the liquid on 
the electrothermal transducer surface is quickly heated, so that a bubble Is created in the liquid passage. 
By the expansion and coltepsion of the bubble, the Ikjuid is ejected through the ejection outtet 16 as a 
66 droplet or droplets. With the above described structure. 128, 256 or even more ejection outlets covering the 
entire recording width can be tomed In an ink jet recording head had a density of 16 nozzles/mm. 

In the Japanese Laid-Open Patent Application Mo. 202.352^991. buffers 25 and 26 are disposed 
upstream of the liquid passages to control the Ink flow, as shown In Figure 20, In order to improve the Ink 
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ejection fraquency. The buffers 25 and 26. are formed by photolithographic technique using photosensitive 
resin material, as in U.S. Patent No. 4,394.670 discussed hereinbefore. 

However, it has been found that the recording head invofves the following problems to be solved; in 
usually ink jet recording heads, the cross-sectional area of the liquid passages is larger than that of the 
6 ejection outlet in order to stably supply the ink to the ejection outlet. When the ink contains foreign matters 
in the fomn of partldes, and when the foreign matter is supplied to the ink passage, it arrives at the 
neighborhood of the ejection outlet if this occurs, the direction of the ink ejection is deviated, or the amount 
of ir* ejectton varies with the result of non-uniformity. The ejection ou«el, as the case may be, is clogged 
with the foreign matter with the result of ejection failure. The consideration to such possibility of clogging is 
10 not sufficient in the above-descritjed ink jet recording head. 

When an Ink Jet recording apparatus having the above-described conventional recording head shown In 
Figures t8 and 19 is pieced on an vibrating table, and when a relatively large vibration is imposed thereto, 
the ink in the neighboriiood of the ejection energy generating element or the ejection outlet Is shifted to the 
ink container by the vibration, or air is Introduced into the liquid passage through the ejection outlet or the 
15 ink covers the ejection outlet surface, with tiie result of Incapability of printing. Furthermore, the ink is 
leaked out of the ejection outlet to contaminate the neighborhood thereof by the vibration. In order to 
recover the proper printing operation, tiie recovering operation including the sucking of the ink through the 
ejection outiet by the pump, is required. 

In the above-described ink jet recording head manufacturing method, tiie photoresist Is applied on the 
20 base member, the walls for the liquid passages and the common Ikiuid chamber 11 are provided by 
patterning the photoresist and the lands 5Hi (FIgura 19) and the buffer walls 25 and 26 are also formed 
ti^ereby. In addition, the top plate 4 is provided thereon, thus constituting the ink jet recording head. 
However, until the top plate is provided, they are bonded to the base only by the bonding force of the dry 
fiJm, as shown in Figures 19 and 20. Therefore. It is possible that the walls are damaged. In order to 
25 increase the strength of the buffer walls 25 and 26 so as to be free from the damage, the sizes thereof are 
required to be larger than a predetermined size, and therefore, it is difficult to form fine buffer wails. From 
the standpoint of providing sufficient bonding 5lren&th between the top plate and the buffer walls, the buffer 
walls are required to have sizes larger than a certain size. 

30 SUMMARY OF THE INVENTION 

Accordingly. It Is a principal object of the present Invention to provide an Ink jet recording head, a 
recording apparatus using the same and a manufacturing method for the same, wherein the ink jet ejection 
outlets do not receive foreign matter$ in the ink. 
38 It is another object of the present Invention to provide an Ink jet recording head, a recording apparatus 
using the same and a manufacturing method for the same in which the printing Is possible under vibrating 
condition or immediately after the impact applied thereto, with proper Ink supply maintained. 

It rs a further object of the present invention to provide an ink jet recording head, an ink jet recording 
apparatus using same and a method for nnanufacturing the same, in which the ink jet recording head has 
40 such a structure without significantly increasing tiie numtier of parts and with simple manufacturing steps. 

These and other objects, features and advantages of the present Invention will, become more apparent 
upon a consideration of the following description of the preferred embodiments of the present inverrtlon 
taken in conjunction with the accompanying drawings. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partiy broken perspective view of an Inkjet recording head according to an embodiment of 
the present invention. 

Figure 2 is a perspective view of a first substrate before formation of a solid layer in an Ink jet recording 
90 head manufacturing step according to an embodiment of the present invention. 

Figure 3 illustrates an ink jet recoriiiing head manufacturing method according to an embodiment of the 
present Invention, wherein (A) is a top plan view of the first substrate after the fomnation of the solid layer, 
and (B) is a top plan view of a second substrate. 

Figure 4A, 4B and 4C Is a sectional view of the first sut>strate after the solid layer and active energy ray 
S5 curing material are laminated in an Ink jet recording head manufacturing method according to an 
emk)odiment of the present invention. Rgure 4A is a sectional view taken along A-A' of Rgure 3, Figure 48 
is a sectional view taken along B-B' of Figure 3. and Figure 4C is a sectional view taken along C-C of 
Hgure 3. 
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Rgures 5A, 5B and 5C are sectional views of the laminated layer of the second substrate in a 
manufacturing methcKJ of the ink jet recording head according to the ennbodfment of the present invention. 
Rgure 5A is a sectional view tal<en along A-A* of Rgure 3, Figure 5B is a sectional view taken along B-B' of 
Figure 3. and Rgure 5C is a sectional view taken along C-C* of Rgure 3. 
5 Figures 6A, iBB and 6C are sectional views of the laminated layer after the masking layer is laminated In 
the ink jet recording head manufacturing method according to the embodiment of the present invention. 
Rgure CA is a sectional view taken along A-A»* of Figure 3, Figure BB is a sectional view taken along B^B' of 
Rgure 3, and Rgure 6C Is a sectional view taken along C-C of Rgure 3. 

Figures 7A, 7B and 7C are sectional views of the laminated layer after the solid layer and the uncured 
10 curing material are renwved in the ink jet recording head manufacturing process according to an 
embodiment of the presisnt invention. Figure 7A is a sectional view taken along A-A' of Figure 3, Figure 7B 
Is a sectional view taken along B-8* of Rgure 3, and Rgure 7C Is a sectional view taken along C-C of 
Figure 3. 

Figure 8 is a perspective view of the manufactured Ink jet recording head according to an embodiment 
75 of the present invention. 

Figure 9 is a perspective view of ari ink jet recording head accorcfing to an embodiment of the present 
invention. 

Rgure 10 is a top plan view of the ink Jet recording head when a first solid layer Is formed on a first 
substrate. 

20 Rgure 1 1 A Is a top plan view of a first substrate after the solid layer is formed thereon. 
Rgure 1 1 B is a top plan view of a second substrate. 

Rgures 12A. 12B, 12C and 12D are sectional views of the first substrate of Figure 11 after tfie solid 
layer and the active energy rays curing nr^aterlal are laminated thereon. 

Figures 13A. 13B. 13C and 13D are sectional views after the second substrate of Rgure 11 is 
25 laminated. 

Rgures 14A, 14B. 14C and 140 are sectional views when the rays are projected through the mask. 

Rgures 15A. 15B, 15C and 15D are sectional views of the laminated structure of Rgure 11 after the 
solid layer and the curing material are removed. 

Rgure 16 shows a recording apparatus usable with the recording head according to an emtjodlment of 
so the present Invention. 

Rgure 17 shows a recording apparatus usable widi the recording head according to another embodi- 
ment of the present Inventron. 

Rgure 18 is a sectional view of a recording head not using tfw present invention. 

Rgure 19 illustrates the manufacturing of the recording head- 
35 Rgure 20 is a sectional view illustrating another manufacturing method not using the present invention, 

DETAILED OESCRIPTiON OF THE PREFERRED EMBODIMENTS 

Refen'ing to the accompanying drawings, the embotf menls of the present Invention will be described. 

40 The description will first be made as to the ink |et recording head (recording head). 

Refen'ing to Figure 1 » on one surface of a first substrate made of glass, ceramic material, plastic resin 
material, metal or the like, ink ejection energy generating elements in the form of electrothenna! transducers 
2 are formed as thin layers with regular Intervals manufactured through a semiconductor manufacturing 
process including etching, evaporation, sputtering or the like. The surface Is an element surface la. To each 

46 of the electrothermal transducers 2, control signal input electrodes (not shown) for operating the electrother- 
mal transducers 2 are connected. In response to the input signal through the electrodes, the electrothermal 
transducer elements 2 heat the ink In the neighborhood thereof, thus producing ejection energy. 

On the element surface la. a stmcture memk^er constituted by a single member cured by application of 
active energy rays, is laminated. In that surface of the structure member which faces the element surface 

60 18. plural discrete grooves are formed at the positions corresponding to the positions of the electrothermal 
transducer elements 2. The space defined by the discrete groove and the element surface la constitutes a 
discr^ liquid passage 15. An end of the discrete groove has a redudng width arid opens at an end of the 
structure member 10 to constitute a discrete Action outlet 16. In the surface of the structure member 10 
facing to the element surface la adjacent the other ends of the discrete grooves, a common groove 

55 communteating with the discrete grooves is formed to cooperate with the element surface la to provide a 
space constituting a common liquid passage 14. The liquid passage is provided by the common Ikjuid 
passage 14 and the discrete Squid passages 15. in the middle of the. common liquid passage 14, there are 
plural lands 12 ananged in parallel with the array of the ejection outlets 16, at regular intervals. The spaces 
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between adjacent lands 12 function as openings 13 having a cross-sectional area smaller than the cross- 
sectional area of the ejection outlets 16. 

Adjacent an end of the common liquid passage 14 of the stmcture member 14. an opening is fomied 
with a bottom wall whicti Is the element surface la. The opening cooperates with a recess 5 of a second 
5 substrate 4 laminated on the structure member 10 to constitute a liquid chamber 1 1, The liquid chamber 11 
is provided for the purpose of stably supplying the ink to the ejection outlets, but the liquid chamber 11 Is 
not necessarily required in this embodiment 

The second substrate 4 is provided with openings for communication between the liquid chamber 11 
and an outside of the recording head, so that the ink suppiy ports 6 are formed. To the ink supply ports 6. 
10 supply pipes (not shown) are connected, and the supply pipes are connected to an unshown ink storage 
container. Therefore, the ink Is supplied to the liquid chamber 11 from me ink storage container through the 
supply pipe. 

The descriptton will be made as to the operation for ejecting the Inic through the ejection outlet 16. The 
ink supplied to the liquid chamber 11 and ternporarlly stored there, enters by the capillary action through 

16 the opening 13 to ^e discrete liquid passages 15. By formation of meniscus at each of the ejection outlets 
16, and the ink fills and is maintained in, the discrete liquid passages 15. When the electrothermal 
transducer 2 is supplied with electric energy through the electrodes (not shown), it produces heat The Ink 
on the electrothermal transducer element 2 is abruptly heated so that a bubble is created In the discrete 
liquid passage 15. By the expansion of the bubble, the ink is ejected through the ejection outlet 16. If the 

20 ink contains a foreign matter having a size larger than the cross-secttonal area of the ejection outlet 16, the 
openings 13 function as a filter, and therefore, the foreign matter is blocked thereby. Thus, the improper 
election or ejection faiiure attributable to the foreign matter In the neighborhood of the ejection oiitlrt, can 
be avoided. It should be noted that even If a part of the filter Is clogged with the foreign matter, the discrete 
tiquld passage can be supplied with the ink through the unclogged filter and through ttie common Ifcjuid 

25 passage. 

A part of the wall of the Gquid chamber 11, a part of the wall of the liquid passage 11. a part of the 
ejection outlets 13. a part of the wall of the common liquid passage 14 and the lands 12 are integrally 
formed. 

In this embodiment, the liquid passage is provided by the common liquid passage 14 and the discrete 
30 liquid passages 15. and the openings 13 having the cross-sectional area smaller than that of the ejection 
outlets 16 are formed in the common liquid chamber 14. However, the provision of the common Ikiuid 
passage 14 is not Inevitable. In addition, the openings 13 may be provided at least at a part of the Ikiuid 
passage. 

In this embodiment, the energy generating element for producing the Ink ejection Is in the form of an 
36 electrothermal transducer elenwtt 2 connected with electrodes. However, this is not limiting, and a 
piezoelectric element for producing mechanical energy for applying instantaneous ejection pressure to the 
Ink. 

The number of ejection outlets 16 may be i28 or 256 at the density of 16 outlets per mm. A larger 
number of ejection outlets can be formed, for example, as many as covering the entire recording width for 
40 the recording material (fulhline type). 

The description will be made as to a recording head manufacturing method according to an embodi- 
ment of the present invention. 

As shown in Figure 2, on an element surface la of the first substrate 1 made of giass, ceramic material, 
plastic resin material, metal or the like, electrotfiermal transducer elements 2 and control signal supply 
46 electrodes (not shown) for actuating the electrothermal transducers 2 are formed in the fomn of a film 
through a semiconductor manufacturing process Including etching, evaporation, sputtering or the like- The 
electrothermal transducers 2 are disposed at regular inten/als. In the description of this embodiment only 
two energy generating elements are formed for simplicity of explanation. The number of energy generating 
elements and the number of conesponding liquid passage and the ejection outlets, is not limited to two. 
50 The number may be changed, as desired. 

Although not shown in the Figure, the element surface la including the electrodes and the electrother- 
mal trensducer elements 2 may be coated with a function layer or function layers such as protection layer. 
This embodiment is effective in-espective of the presence or absence of the function layer or the nrialerial 
thereot 

56 The first substrate 1 functions as a part of the liquid passage wall and the liquid chamber wall, and also 
functions as a supporting member for me solid layer and the structure member. When the liquid chamber Is 
used as in this embodiment and when the active energy rays which will be described hereinafter are 
projected to the first substrate side, the first substrate is required to be transparent to the active energy 
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rays. Otherwise, the oonfigurallon. material or the like of the fir3t substrate 1 are not limited. 

As shown in Figure 3, (A), solid layers 3 are laminated on the element surface la at positions 
corresponding to the discrete liquid passages including the eiectrothermal transducer element 2, cor- 
responding to the liquid chamber and corresponding to the openings (which will her^nafter be called 
6 "filter") which have cross-sectional areas smaller than that of the ejection outlets and which function to 
communicatiB between the discrete liquid passages and the liquid chamber. In this embodiment, the filter is 
in the common liquid chamber. Figure 3, (B) shows an example of the second substrate 4. In this 
embodiment the second substrate 4 is provided wrth a recess 5 and two supply porte 6 at the liquid 
chamber position. 

ro Figures 4A, 5A, 6A and 7A show sectional views taken along line A-A" of Figure 3; Figures 4B, 5B, 6B 
and 7B are sectional views taken along a line B-B' of Rgure 3; and Figures 40, 5C, 6C and 7C show 
sectional views taken along a line C-C\ 

The soHd layers 3 are removed after the various steps which will be described hereinafter, and the 
ifemoved portions constitute the liquid passage, the liquid chamber and the filter. The configuration of the 
15 Ik^uid passage, the liquid chamber and the filter may be selected as desired, and the solM layers 3 are 
changed corresponding to the configurations of them. In this embodiment, the liquid passages are branched 
to two discrete passages so as to eject ink droplets from the respective two ejection outlets corresponding 
to the two electrothermal transducers 2. The liquid chamber communicates with the liquid passages to 
supply the Ink to the respective passages. 
20 The materials and means for fomning the solid layers 3, are as folk>ws: 

<1) A photosensitive dry film Is used; and the solid layers 3 are formed through Image formation process 
on the dry film: 

(2) On the first substrate 1 . a desired thickness of dissolvable polymer layer and a photoresist layer are 
formed in this order; a pattern is formed on the photoresist layer; and the dissolvable polymer layer Is 

26 selectively removed: 

(3) A resin material is printed. 

As for the photosensitive dry film mentioned to in paragraph (1), positive or negative one is usable. The 
usable positive dry film includes the one which becomes soluble in a developing liquid by application of 
active energy rays. The usable negative dry film Includes photopofynrterizing methylene chloride or the 

30 negative dry film soluble or removable by strong alkali. 

More particularly, the positive dry film includes OZATAC 1=^225 (trade name, available from Hoechst 
Japan Kabushiki Kaisha, and the negative dry film Includes OZATAC T series (trade nanr>e, available from 
Hoechst Japan Kabushiki Kaisha), PHOTAC PHT series (trade name, available from Hitachi Kaset Kogyo 
Kabushiki Kaisha, Japan), RISTON (trade name, available from Ou Pont de Nemours & Co,, Ltd.). 

35 As well as those materials wfwch are commercially available, the following compositions can be also 
similarly usable: resin compositions which positively act. for example, resin compositions mainly consisting 
of naphthoquinone diozMe derivative and a novolak type phenol resin; resin compositions which negatively 
act, e.g., compositkwis mainly consisting of acrylic oligomer which uses acrylic ester as a reactive radical, a 
thermoplas^ high polymer compound, and a sensitizer; compositions consisting of polythiol, a polyene 

40 compound, and a sensitizer; or the like. 

As a solvent soluble polymer mentioned in the item <2), it Is possible to use any high polymer 
compound such that the solvent which can dissolve it exists and a coating film can be formed by a coating 
process. As a photoresist layer which can be used in this embodiment, the following layers can be typically 
mentioned: a positive type liquid photoresistor cor>sisting of novolak type phenol resin and naphthoquinone 

4S diozide; a negative type liquid photoresist consisting of a polyvinyl cinnamate; a negative type liquid 
photoresist consisting of a cyclized rubber and bis aside; a negative type photosensitive dry film; a 
thermosetting type and ultraviolet ray hardening type inks; artd the like. 

As a material to form the solid layer by the printing method mentioned In the Item (3). it is possible to 
use a lithographic ink. a screen ink. a printing type resin, and the like which are used in each of the drying 

50 systems of, e.g., the evaporation drying type, thermosetting type, ultraviolet ray hardening type, and the 
like. 

Among the foregoing groups of materials, using the photosensitive dry film mentkxied in the item (1) is 
preferable In consideration of the working accuracy, ease of removal, working efficiency, and the like. 
Among them, it is particularly desirable to use the positive type dry film. Namely, for example, the positive 
6S type photosensitive material has such features that the resofutwn Is superior to that of the negative type 
photosensitive material and the relief pattern can be easily fonmed so as to have the vertical and smooth 
side wall surface or the tapered or reverse tapered type cross sectional shape, and it is optimally forms the 
liquid channel. On the other hand, there are features such that the relief pattern can be dissolved and 
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removed by a developing liquid or an organic solvent, and the like. In particular. In the case of the positive 
type photosensitive material using. e.g., naphttioquinone diazide and novolak type phenol resin mentioned 
above, it can be completely dissolved by weak alkali aqueous solution or alcohol. Therefore, no damage is 
caused in the emission energy generating element and at the same time, this material can be removed 

5 quickly in the post process.- Among the positive type photosensitive materials, the dry filnn shaped matenal 
is the most desirable material because its thickness can be set to 10 to 100 urn. 

As shown In Rgure 4A. 4B, 4C. on the first substrate 1 having the solid layer 3, an active energy cunng 
or hardening material 7 is laminated to cover th© solid layer 3. The hardening material 7 will become the 
structure member or structural material after being hardened by the active energy rays. 

10 As the structure member or the structural material, it is pos^ble to preferably use any material which 
can cover the solid layers. However, since this material is used as a structural material serving as a liquid 
jet recording head by forming the liquid channel and liquid chamber, it is desirable to select and use a 
material which is excellent with respect to the adhesive property with the substrate, mechanical strength, 
dimensional stability, and corrosion resistance. As practical examples of such materials, active energy ray 

75 hardening liquid materials which are hardened by the ultraviolet rays and an electron beam are suitable. 
Among then, there is usable epoxy resin, acrylic resin, diglycol dlalkyl carbonate resin, unsaturated 
polyester resin, polyurethane resin, polyimide resin, melamin© resin, phenol resin, urea resin, or the like. In 
particular, the epoxy resin which can start the cationic polymerization by the light, acrylic oligomer group 
having an acrylic ester whfch can radical polymerize by the use of light, photo acWition polymerization type 

20 resin using polythlor and polyene, unsaturated cydoacetal resin, and the Bke are suitable as a structural 
material since the polymerizing speed is high and the physical property of the polymer is also excellent. 

As a practical method of laminating the active energy beam hardening material, for example, if is 
possible to laminate it by the means such as discharge instrument using a nozzle of the shape according to 
the shape of the substrate, applicator, curtain coater, roll coater. spray coater. spin coater, or the like. When 

25 a liquid harxJenlng material is laminated, It Is preferable to laminate It so as to avoid the mixture of air 
bubbles after such material was degaslfled. 

Next, the second substrate 4 Is laminated onto the active energy beam hardening material layer 7 on 
the first substrate 1 as shown in Rgures SA, 5B and 5C. The second substrate 4 is not Inevitable to this 
Invention. In this case, a concave portion adapted to obtain a desired volume of the liquid chamber may be 

30 also formed In the portion of the liquid chamber forming portion of the second substrate 4 as necessary. 
Similarly to the first substrate 1. a desired material such as glass, plastic, photosensitive resin, metal, 
ceramics, or the like may be also used as the second substrate 4. However, in the case of performing the 
process to irradiate active energy rays from the side of the second substrate 2. the active energy beam 
needs to be transmitted. In addition, a port or ports to supply a recording liquid may be also previously 

as formed In the second substrate 4. 

Although not shown in the above description, the active energy beam hardening material layer 7 may 
also be laminated after the second substrate was laminated onto the soUd layer. As a laminating method in 
this case. It Is desirable to use a method wherein after the second substrate 4 was pressure adhered to the 
first substrate 1. the Inside pressure Is reduced and then the hardening material Is injected, or the like. On 

40 the other hand, when the second substrate 4 is laminated. In order to set the thickness of the layer 7 to a 
desired value, it is also possible to use a method wherein, for example, a spacer is sandwiched beh^veen the 
first and second substrates, a convex portion is formed at the edge of the second substrate 4. or the like. 

In this manner, the first substrate l, solid layer 3. active energy ray hardening material layer, and 
second substrate 4 are sequentially laminated to form a single laminate. Thereafter, as shown In Figures 6A. 

45 6B and 6C. a mask 8 is laminated onto the side of the substrate capable of transmitting the active energy 
beam (in this example, the second substrate 4) so as to shield the liquid chamber fonmlng portion from an 
active energy beam 9. Then, the active energy beam 9 is irradiated from above the mask 8 (the black area 
in the mask 8 shown in the Figure) does not transmit the active energy beam and the area other than the 
black area can transmit the active energy beam). By irradiating the active energy beam 9. the active energy 

60 beam hardening material (the hatched portion indfcated at reference numeral 10 In the diagram) cor- 
responding to the in^dlated portion is hardened, so that the hardened resin layer is fomr^ed. At the same 
time, the first and second substrates 1 and 4 are joined by this hardening. The active energy ray hardening 
material is not hardened in ttie area not exposed to the energy rays 9. 

It is another alternative tfiat the first substrate is made of a material permitting transmission of the active 

65 energy rays 9. and the active energy rays 9 Is projected to me first substrate 1 . 

Ultraviolet rays, electron beam, visible rays, or the like can be used as an active energy beam. 
However, since the exposure is performed by transmitting the active energy beam through the substrates, 
the ultraviolet ray and the visible rays are preferable. The ultraviolet rays are the most suitable in temis of 
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the polymerizing speed. As a source for emitting ultraviolet rays, it is desirable to use the light rays having 
a higii energy density, such as high pressure mercury lamp, extra-high pressure mercury lamp, halogen 
lamp, xenon lamp, metal haJtde lamp, carbon arc, or the like. As the light Ijeam emitted from the light 
source is highly parallel and as its heat generation is low, the working accuracy becomes high. However, it 

6 is possible- to use an ultraviolet ray light source whk^i is generally used for the print photoengraving, 
working of a printed wiring board, and hardening of a light haniening type coating material. 

As a mask for the active energy beam, in particularly, in the case of using the ultraviolet rays or visible 
rays, it is possible to use a metal mask, an emulsion mask of slh^er salt, a diazo mask, or the like. Further, it 
Is also possible to use a method whereby a black ink layer is merely printed to the liquid chamber forming 

10 portion, or a seal is merely adhered thereto, or the like. 

For example, when the edge surface of the orifice is not exposed, or the like, the laminate after it was 
hardened by the Irradiation of the active energy beam is cut at a desired position as necessary by a dicing 
saw or the fike using a diamond blade, thereby exposing the orifice edge surface. However, such a cutting 
is not always necessary to embody the present invention. The cutting work is unnecessary in the case 

16 where, for example, a liquid hardening material is used, a die is used when this material is laminated, the 
orifice edge portion is smoothly molded without dosing and covering the orifice edge portion, or the like. 

Next, as shown In Rgures 7A, 7B and 7C, the solid layer 3and the. material 7 which is not yet hardened 
are removed from the laminate after completing ttie irradiation of the active energy beam, ttiereby forming 
discrete passages 15 and the common passage 14 having the liquid chamber 11 and the opening (filter) 13 

20 (Rgure 1). 

The means for removing the solid layer 3 and the hardening material 7 (Figure 6) is not limited in 
particular. However, practfcally speaking, it is preferable to use a method wherein, for example, the solid 
layer 3 and the hardening material in the unhardened state are dipped into a liquid which is selected to 
dissolve, swell, or peel them, thereby removing them, or the like. In this case, it may also be necessary to 

29 us© the removal promoting means such as ultrasonic wave process, spray, heating, stirring, shaking, 
pressure circulation, or the Iflce. 

As a liquid which is used for the above removing means, it is possible to use, for example, halogen 
^ containing hydrocarbon, ketone, ester, aromatic hydrocaritwn. ether, alcohol, N-methyl pyrrolidone, (fimethyl 
formamlde, phenol, water, water containing acid or alkali, or the like. A surface active agent may be also 

30 added to those Ik^ulds as necessary. On the other hand, when a positive type dry .film is used as a solid 
layer, it is desirable to again irradiate the ultraviolet rays to the solid layer so as to make the removal easy. 
In the case of using other material, it is preferable to heat the liquid to a temperature within a range of 40 to 
60 "'C. ' 

figures 7A, 7B and 7C show the state after the solid layer 3 and the active energy beam hardening 
36 material 7 in the unhardened state were removed. However, In the case of this example, the solid layer 3 
arKl the unhardened material 7 are dipped into the liquid adapted to dissolve them and are dissolved and 
removed through the orifice 13 of the head and the liquid supply port 6. After the completion of the above 
steps, in order to optimize the inten/al between the ejection outlets 13 and the Action energy generating 
elements 2, the ejection outlet 13 portion may be cut out. abraded or snnoothed, as desired. 
40 In the foregoing embodiment of the ink jet recording head, the solid layer 3 Is not required to extend to 
the position corresponding to the liquid chamber 12, on the first substrate 1. It will suffice if It extends at 
least to the portion corresponding to the liquid passages 11 and the common liquid passage 15. As for the 
ink jet recording head of this emt>odimenl, the second substrate 4 is not inevitable. In addition, the liquid 
chamber 12 is not Inevitable. In place of the liquid chamber 12, it id possible to use a structure for properly 
46 supplying the ink to the liquid passages 11. 

The description wilt be made as to the examples of this embodiment. Prior to the experiments, 5 groups 
of recording heads having different cross-sectional areas of the filter openings or apertures (100 recording 
heads for each group) were manufactured in accordance with the process steps described in conjunction 
with Figures 2 - 7C, as shown in the following table 1 . 

50 
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Table 1 



10 



16 



20 



25 



30 



35 



40 



45 



50 





Ritar ar^rtuTG arsa iuvn^ (width X heklht) 


1 (Exampls 1) 


1500 (30x50) 


2 (Example 2> 


2000 (40 X 50) 


3 (Example 3) 


2250(45x50) 


4(Comp. Ex. 1) 


2500(50 x 60) 


5 (Comp. Ex. 2) 


2750 (55 X 50) 


6 (Comp. Ex. 3) 


3000 (60 X 50) 


7 (Comp. Ex. 4) 


No filter 



The cross-sectional area of the ejection outlets of the rooording heads of the above examples and 
comparison examples wer^ all 2500 ixm^ (50u x 50a). 

The description will be made as to the manufacturing process of the recording heads. 

First, an electrothemial transducer (mad© of HfB2) as a liquid ejection energy generating element was 
formed on a glass substrate (having a thickness of i.l mm) as a first substrate. Thea a photosensitive layer 
having a thickness of 50 urn consistir^ of a positive type dry film "OZATEC 1=^225" (made by Hoechst 
Japan Co.. Ltd.) was laminated onto the first substrate. A mask of a pattern conrespondmg to the 
configuration of the liquid passages was overlaid onto the photosensitive layer. The ultraviolet rays of 70 
mJ/cm2 were irradiated to the portion excluding the portions where a liquid passage, a liquid chamber and a 
fiiter will be formed. 

Next, the spray development was performed using a sodium metasillcate aqueous solution of 5 %. A, 
relief solid layer having a thickness of about 50 am was formed in the liquid passages and liquid chamber 
fonmlng portions on the glass substrate including the electrothermal transducer. 

One hundred substrates (500 in total) on each of which the solid layer has been laminated in 
accordance with Table 1 were formed in accordance with the operating procedure similar to the above. 
Active energy ray hardening liquid material (epoxy resin ^'Cyracure UVR 6110". available from Japan Union 
Carbide Kabushiki Kaisha) were laminated onto the substrates formed witfi the solid layers. The operating 
procedure was as foliows. 

The active energy beam hardening material was mixed to the catalyst (triphenyl honium hexafluoroan- 
tlmonale) and was defbamed using a vacuum pump. Thereafter, the three defoamed materials were coated 
on the first substrates on which the solid layers had been laminated so as to have thicknesses of 70 urn 
from the upper surfaces of the substrates by using the applicator. 

Next, a glass substrate as a second substrate having a thickness of 1 .1 mm was laminated onto each of 
the first substrates on which the foregoing three kinds of active energy ray hardening materials had been 
laminated In accordance with the position of the liquid chamber fomiing portion. Each of the glass 
substrates has a concave portion of a depth of 0.3 mm in the liquid chamber forming portion and a through 
hole (liquid supply port) to supply the recording liquid at the center of the concave portion. 

Subsequently, a film mask was adhered onto the upper surface of the second substrate of the laminate. 
The light beams were in'adiated from the above of the liquid chamber fdmning portion by the extrarhlgh 
pressure mercury lamp "UNIARC (trade name)" (made by Ushio Inc.) by shielding the liquid chanrtf)er 
forming portion against the active energy rays. At this lime, the integrated intensity of light near 365 nm was 
1000 mW/crn^. Next, the film mask was removed and the orifice was cut such that the electrothemial 
transducer is located at the position away by 0.1 mm from the orifice edge, thereby forming the orifice edge 
surface. 

The 500 laminates having the exposed orifice edge surfaces were each dipped into etlianol. Ethanol 
was filled in the liquid chamber. The dissolving and removing process was executed in the ultrasonic 
cleaner for about three minutes in the state In which the orifice edge surfaces are In contact with ethanol. 
After completion of the dissolution and removal, the cleaning was performed using an NaOH aqueous 
solution of 5 % and pure water. Thereafter, those laminates were dried and exposed at the rate of 10 J/cm^ 
by use of the high pressure mercury lamp. In this way, the active energy ray hardening materials were 
completely hardened. 

The residue of the solW layer did not exist at all In any of the liquid passages of the 100 liquid jet 
recording heads which had been made as described above. Further, these heads wore attached to the 
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recording apparatus and the recording was executed using an ink for ink jet consisting of pure 
water/glycerol/direct black 154 (water-soluble black dye) at 85/30/5 {weight parts), so that the pnntng was 
performed. The results of the experimants are suRimarized In the fbltowing Table 2. 



Table 2 



10 



16 



Example 
No. 


Frequency of nozzle clogging 


No ejection 


Deviation 


1 


3/100 


0 


3 


2 


5/100 


0 


5 


3 


6/100 


0 


6 


4 


13/100 


1 


9 


5 


15/100 


2 


8 


6 


18/100 


3 


7 


7 


29/100 


7 


18 



so 



S6 



90 



3S 



In Table 2 "nozzle clogging" means thai the foreign matters clogging In the discrete liquid passage ere 
observed by a microscope. The frequency thereof means the number of clogged discrete passagesWie 
number of recording heads. The "no eiectlon" means the ejection failure In wNch the foreign matter in the 
Bquld passeoe prevents ejection of the Ink (number of occurrences). The "deviation" means that the 
ejection force decreases because of the foreign matter in the discrete liquid passage, and therefore, the ink 

is not ejected straight. „ ., . 

It will be understood from Table 2 that the provision of the filter in the Cqoid passage is eflective to 
significantly increase the nozzle clogging and the ejecHon failure or deviation of the ink dunng the printing, 
in addition, it will be understood that the effects are more significant with the increase of the cross-sectiona 
jtfea of the niter apertures. It will also be understood that the effects are remarkable if the cross-sectional 
area of the filter apertures is smaller than me cross-sectional area of the ejecUon outlets. 

Another embodiment of the Ink jet recording heed and another embodiment of the manufectunng 
method therefor will be described in which the smaller feiwgn matters and elongated foreign matters are 
efficiently removed by a filter. 

In the foregoing embodiment, relatively iarge foreign matters are prevented from reaching the ejection 
outlets by the provision of the lands (filter) at the boundary between the liquid chamber and the conimon 
passage, wherein the cross-sectional area of the apertures of the filter Is smaller than the cross-sectional 
are of the ejection outlets. . „ „^ 

The foreign matters may contain smaller or elongated foreign matters. IWost of these foreign matters are 
ejected together with the ink through the ejection outlets, end rarely ctogs the ejection outlets. However, In 
the case where the amount of the foreign matters is large or where elongated or flat foreign matters which 
may taken different positions in the passage, can disturb the direction of the ink ejection at the position « 
the ^jectkxi outlets with the result of deterioration of the image quality. It will be considered tliat the 
intervals between the lands In the foregoing embodiments are reduced in order to remove su*Jo^«9" 
matters. However, since the lands are formed by photolithographic process, and Uierefbre. It is difBcult to 
decrease the intervals down to a predetermined level. Moreover, it is difBcult to decrease the area of me 
clearance between adjacent lands in the direction of the height thereof. If the cross^etstlonal area thereof is 
too sma«. «» resistance against the ink flow increases with the result of poor supply of the Ink to the Bquid 
passage even to the extent of ttie possible improper Ink ejection. 

In order to further improve the image quality, it is desirable that the filler comprises filler materials as in 
this embodiment. The descriptton will be made as to the structure and the manufacturing method. 

fteferring to Figures 8 and 9, there is shown in perspective views the ii* jet recording head according 
to this embodiment. Figures 10. 11A. 11B. 12A. 12B. 12C and 120 illustrate the manufacturing method of 
the ink jet recording head of this embodiment. Figures 12A. 12B and 12C show cross-sectional views taken 
along the lines A-A'. B-B' and (X;-, respectively of Figures 11A and 12B. In tJiese Figures, the Ink jet 
recording head Is shown as having two ejection outlets. However, the ink jet recording head may be 
provided wtth three or more election outlet at a high density. Also, the present Invention is usable in the 
case In wWch the ink jet recording head has only one ejection outlet 

In Rgures 8 and 9. the substrate which is similar to the substrate used In the foregoing embodiment, 
linear liquid passages 15 are formed corresponding to the associated ejection energy generating eiemente 
2. The ejectton enargy generating eiemenis 2 are mounted on the bottom of the liquid passage 15. An end 
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of each of the liquid passages 15 is reduced and opens to the outside, thus constituting ejection outlet 16. 
Each of the other ends of the liquid passages 15 communicates with a liquid chamber 11 commonly 
provided for the liquid passages 15. The liquid chamber 1 1 cooperates with the liquid supply port or ports 6 
which wifl be described hereinafter to constitute an ink supply portion for supplying the ink to the liquid 

5 passages 15. The portion of the liquid passages communicating with the liquid chamber 1 1 is in the form of 
a common liquid passage 14 to which the plural liquid passages 15 merges. The common liquid passage 
14 is provided with a proper number of lands (columrwr portions) connecting the bottom wall of the 
common liquid passage 14 (the first substrate 1) and the ceiling. Between the adjacent lands, needle-like 
filler materials 17 and/or three dimensional filler 18 are disposed. The filler materials 17 and 18 function as 

10 filtering elements for the ink supplied to the liquid passage 15 from the liquid chamber 11. Therefore, the 
ink Is forced to pass through the filter consisting of the filler materials 17. The bottom portion of the liquid 
. chamber 11, the liquid passages 15, the ejection outlets 16, the common liquid passage 14 and the lands 
12 are integrally formed with the filler material 10. On the top surface of the filler material 10. the second 
substrate 4 is provided. 

75 . In the bottom surface of the second substrate 4, a recess 5 corresponding to the upper portion of the 
liquid chamber 11 is formed, and the recess 5 is provided with a liquid supply port 6 communicating with 
the top surface of the second substrate 2 is formed to permit ink supply to the liquid chamber 11 from the 
outside' thereof. 

The description will be made as to the operation of the ink Jet recording head of this embodiment. The 
20 ink which Is the recording liquid material is supplied to the liquid chamber 11 through the liquid supply port 
6 through a liquid storage container not shown. The ink supplied to the liquid chamber 11 Is supplied to the 
discrete liquid passages 15 through the common liquid passage 14 by capillary action. The Ink Is retained 
stably in the liquid passages 15 by the fonmation of the meniscus at each of the ejection outlets 16. Since 
the common liquid passage 14 is provided with the filler materials 17 and 18 constituting the filter, the solid 
26 foreign matters If any In the ink are prevented from entering Ihe liquid passages 15. Therefore, the liquid 
passages 15 or the narrower ejection outlets 16 at the downstream ends thereof are protected from being 
clogged with the foreign matters. The ejection energy generating etennents 2 are actuated by an unshown 
driving means, so that the ejection energy is applied to the ink so as to eject »ie ink through the Section 

outlets 16. ... ^ 

30 The manufacturing method of the Ink jet recording head of this embodiment will be descnbed. The 

same process steps as in the first embodiment will be omitted for the purpose of simplicity of explanation. 
As shown in Figure 2. a first substrate having a desired number of ejection energy generating elements 

2 at the proper portion on the surface thereof, is prepared. On such a substrate 1. a firs! solid layer 3 is 

formed as shown in Figure 2. The solid layer 3 is Integral containing the liquid passage portions 20. the 
35 filter fonning portion 21 and the liquid chamber fonning portion 22, in this order. 

The liquid passage portions 4 extend in the form of stripes above the ejection energy generating 

elements 2 top surface of the substrate 1. One end 7 of each of them is connected to the filter forming 

portion 21. The filter forming portion 21 Is provided with rectangular cavities 23 without the solid layer 

material. 

4o The material and means used for the formation of the solid layer 3 are the same as in the foregoing 
embodiment. The cavities constituting the filter are formed in the following manner. When the solid layer is 
of positive dry film, the material is masked with a mask covering the portion other than the cavity forming 
portions, and thereafter, the exposure, development and removal processes are carried out to provide the 
cavities 23. If the solid layer is of negative dry film, on the other hand, the cavity forming positions are 

46 masked, and the exposure, development and removal processes are carried out so as to provide the 
cavities 23. 

Subsequently, resin material sensitive to active energy rays containing the filler material is dispensed 
into the cavities 23 of the first solid layer 3 tiius formed. The method for accompBshing this will be 
described. In one method, the filler materials 17 and 18 are added and mixed into the material constituting 

so the solid layer 3, beforehand. The mixed material is dispensed to the cavities 23. In another method, aifter 
the formation of the solid layer 3, the cavities are not formed, and the filler materials 17 and 18 are placed 
on the surface of the solid layer 3 at the positions corresponding to the filter forming position. Then, the 
solid layer 3 is heated and softened, and the filler materials 17 and 18 are pressed so as to be embedded 
into the solid layer 3. At this time, it is not necessary to completely embed the filler materials 17 and 18 Into 

ss the solid layer 3. Rather, it is preferable tfiat at least a portion of end portions of the filler materials 17 and 
18 are outside the solid layer 3. since then the part of the filler materials 17 and 18 are fixed in the filler 
member 10 as wlil be described herwnafter. This is effective to prevent movement of tiie filler materials 7 
and 18 from the common passage. 
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Then, a predetermined number (3 in Figure 11) of land forming portions are digged <23). so that the 
second solid layer 21 is formed. In this case, as described hereinbefore, the solid layers 3 and 22 are 
formed simultaneously. In the following description, the separate formations of the solid layers are taken. 

For the formation of the land forming holes, the similar method as in the formation of the cavities 21 is 
6 usable. 

The material constituting the second solid layer 22 is in the form of the material of the solid layer 3 
added with the filler material (fibers). The means for forming it may be the same as the means for forming 
the solid layer 3. The filler material in the solid layer 22 may be fibrous filler or ttiree dimensional filler 
materials. In the case of the fibrous filler materials 17, the configuration thereof preferably has a large 

10 aspect ratio, and the length thereof is preferably smaller than the diameter of the nozzle or extremely longer 
than the same. In addition, the length Is preferably not less than the leng^ (filter pitch) In which it is 
embedded in the active energy ray curing material layer 7 for formation of the lands, the wall members 
constituting the liquid passage or the liquid chamber. 

The length of the filler material is preferably such that when It is removed from the cured layer during 

76 removal process of the second solid layer 22. it is not clogged with the nozzle or the liquid passages. The 
diameter of the filler is preferably not more than 1/5 of the nozzle diameter In terms of proper ink supply. 
More particularly, the length is not less than 1 .5 times the maximum length in the cross-section of the liquid 
passage or not more than 1/2 times the minimum length of the same cross-sectwn- In order to efficiently 
support the filler materials in the lands, the length thereof is desirably not less than 1/2 of the interval 

20 between the adjacent lands. 

As for the materials of the fibrous filler, us^te materials include glass fibers, rock wool, cartwn fibers, 
various whiskers. iBSin fibers, metal fibers and mineral fibers. However, the materials are required not to be 
deformed by. dissolved in or reacted with the solid layer 3. the solid layer 3 removing liquid, the active 
energy ray curing material layer or the cured layer removing liquid. 

2S More partlculariy, the filler materials, "ALMAX (trade name, available from Mitsui Kozan Kabushiki 
Kaisha). SIFER (trade name, availalrte from ICabushiW Kalsha Kobe Selkosho). YARN (available from Asahi 
Fiber Glass Kabushiki Kaisha), are usable. 

The contenl of the filler material is preferably 0.1-50 % by weight on the basis of the resin material 
from the standpoint of the mechanical strength of the lands. 

00 ■ The three dimensional configuration filler material 18 will be described. In this case, the large aspect 
ratio is desirable since it results in low resistance against flow. The material desirably has high particle size 
selectivity, high chemical resistance, high mechanical strength. From these standpoints, the three dimen- 
sional connguration filler is preferably various whisker materials- As for the whisker rDaterial in the form of 
three dimensional filter includes PANATETRA (trade name, available from Matsushita Sangyo KIkl Kabushiki 

35 Kalsha) having a configuration extending from ^© center of a regular tetrahedron to the apexes thereof, for 
example. In the case of the three dimensional filler, the maximum length desirably satisfies the above- 
described preferable conditions in the case of the fibrous filler material. The contents thereof in the resin 
material Is preferably the same as in the case of the fibrous filler material. 

In this embodiment, the solid layers are provided for both of the liquid passage and the liquid chamber 

40 forming portions, but this is not inevitable, and H will suffice If the solid layer Is provided at least the liquid 
passage forming portion and the filter forming portian. 

Figure 11 B shows a second substrate 4 opposed to the first substrate 1 with the filler member 10 
(Figures 8 and 9) sandwiched therebetween. The second substrate 4, stmilarty to the first substrate 1 . may 
be made of glass, plastic resin material, photosensitive resin nriatenal, ceramic material, metal or the like. 

46 When the active energy rays are projected to the second substrate 4 is required to be transmissive to the 
active rays. The second substrate 4 is provided with a recess 5 corresponding to the upper part of the 
liquid chamber 1 1 and the liquid supply port for communication between the top surface of the second 
substrate 4 and the recess 5. 

The description will be made referring to Rgures 12A. 12B. 12C. 12D, 13A. 13B, 13C. 13D. 14A. 14B. 

60 14C. 14D, ISA, 15B, 15C and 16D. Figures 12A, 13A, 14A and ISA are sectional views taken along a line A- 
A' of Rgure 11B: Rgures 12B. 138, 14B and 16B are sectional views taken along a line B-B' of Figure 118; 
and Figures 12C and D, 13C and D. 14C and D and 15C and D show sectional views taken akjng a line C- 
C* of Figure 11B. Figures 12C. 13C. 14C and 15C show the filter having the fibrous filler materials; and 
Figures 12D, 13D, 140 and 15D show the filter having the three dimensional filler materials. 

55 The solid layers 3 and 12 are removed after the various steps which will t»e descrit>ed hereinafter. The 
liquid passages and the liquid chamber is provided by the removal of the solid layer 3; and the filler is 
provided where the solid layer 22 is removed. The configurations of the liquid passages, the liquid chamber 
and the filter may be determined as desired by one skilled In the art. The solid layers 3 and 22 are desired 
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to have the configurations corresponding to tho liquid passages, the liquid chamber and the filter. In this 
embodiment, in order to permit ejection of Ink droplets through the two ejection outlets, respectively have 
the ejection energy generating elements, the liquid passage is branched Into two, and the liquid chamber is 
In communication with them in order to supply the Ink to the respective passages. 

5 Similarly to the foregoing embodiment, the surface of the first substrate 1 having the soRd layer 3 is 
laminated with an active energy ray curing material layer 7 so that the solid layer 3 is coated therewith, as 
shown in Figures 12A - 12D. In this state, as shown in Figures 12C and 12D. when the solid layer 10 is 
formed, portions of the filler materials 17 and 18 not developed are projected from the solid layer 22 into 
the wholes for the formation of the lands. 

70 As for the active energy ray curing or hardening material and the method of lamination in this 
embodiment may be the same as in the foregoing embodiment. 

The end portions of the whisker materials 17 and 18 projected from the solid layers 3 and 7 are 
submerged in the active energy ray curing material layer 7. 

Subsequently, as shown in Rgures 13A, 13B and 13C, the second substrate 4 (top plate) is laminated 

76 on the active energy ray curing material layer 7 on the first substrate 1. At this time, the second substrate 
may be provided, if desired, with the recess 11 In the liquid chamber forming portion in order to provide a 
desired volume of the liquid chamber. The mettiod and order of lamination between the active energy ray 
curing material layer 7 and the second substrate 4 may be the same as m the foregoing embodiment. 

Thus, the lamination comprising the first substrate 1, the solid layer 3. the active energy ray curing 

20 material layer 7 and the second substrate 4, is provided. Then, as shown in. Rgures 14A - 14D, a mask 8 Is 
laminated on the second substrate 4 to cover the liquid chamber forming portion 11 from the active energy 
rays 9, and the active energy rays are applied to the top of the mask 8. 

As to the active energy rays used In the exposure process, the mask, formation of the ejectlw outlet 
surface after the exposure process, the foregoing embodiment applies. 

25 Subsequently, the solid layers 3 and 22 are removed from the lamination after t>ejng exposed to the 
energy rays in the similar manner as in the foregoing embodiment. As a result, the liquid passages 15, the 
liquid chamber 11» the ejection outlet 16 and the common liquid passage 14 are integrally formed by the 
filling materia! 10. Therefore, the ink jet recording head shovm in Figures 8 and 9 Is manufactured. 

Here, the description will be made as to the liquid chamber 11. The portion conresponding to the 

00 thickness of the solid layer 3 at tfie lower portion of the liquid chamber 11 is provided by the provision of 
the solid layer 3, and the portion corresponding to the recess 5 formed in the second substrate 4 above the 
•liquid chamber 11 Is provided by the recess 5. The rest portion of the liquid chamtier 11, that is, the portion 
corresponding to the active energy ray curing material layer 7, is provided by the exposure to the active 
energy rays 9 with the provision of the mask 8 corresponding to the liquid chaml)er 11. In other words, the 

35 portion becoming the wall of the liquid chamber 1 1 is exposed to the energy rays to be cured and becomes 
a part of the filling material 10. The uncured portion by being covered with the mask 8 is removed to 
become the rest portion of the liquid chamber 11. 

Since the solid layer 3 is not laminated on the portion corresponding to the lands 12 of the common 
liquid passage 14, the active energy ray curing material layer 7 flowe into this portion, and therefore, the 

40 lands are formed. The solid layer 3 at the portions corresponding to the space between the lands 12, the 
filler materials 17 and 18 are mixed. The filler materials 17 and 18 are not removed to constitute a mesh 
filter for the ink. If the end portions of the filler materials 17 and 18 are extended beyond the solid layer 3, 
the end portions are immersed in the active energy ray curing material layer 7. and therefore, they are 
sacuredly fixed in the filling material 10. 

46 Examples of the recording heads having the filler inter will be further described. 

Example 4 

The liquid jet recording head having the filter comprising the fibrous filler materials shown in Figure 8 

50 was manufactured through the process steps shown in Rgures 10 - 15D. 

Rrst. an electrotfiermal transducer {made of HfBj) as a liquid ejection energy generating elwient was 
formed on a glass substrate having a thickness of 1.1 mm as a first sut>strate. Then, a photosensitive layer 
having a thickness of 50 microns of a positive type dry film '02ATAC R225" (available from Hoechst Japan 
Co. Ltd.) was laminated onto the first sut>strate 1. It is exposed to ultraviolet rays of 300 mJ/cm^ through a 

65 mask having filter forming portions. It was then developed with sodium hydroxide of 1 %. By doing so, 
cavities are formed in the first solid layer. On the other hand» the positive dry film is dissolved in acetone, 
and highly pure alumina fibers "ALMAX" (available from Mitsui Kozan Kabushiki Kaisha) having fiber length 
of 40 microns approximately are miyed thereinto. The mixture is applied to tfie cavities of the first solid 

13 
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layer by dispenser. A mask of a pattern is overlaid on the photosensitive layer. The ultraviolet rays of 70 
mJ/cnn^ were projected to Hie portion where the Gquid passages, the liquid chamber and the filters are to be 
formed. The length of the fiquid passage was 3 mm. Then, the spray development was carried out using a 
sodium methasillcate aqueous solution of 5 %, by which are reOef solid layer having a thickness of about 50 
6 microns was formed In the liquid passage and liquid chamber forming portions on the glass substrate 
including the electrothermal transducers. 

Three substrates on each of which the solid layer had been laminated were formed in accordance with 
the procedure similar to the above. Active energy ray hardening liquid materiid shown in Table 3 were 
laminated onto the substrates formed with the solid layers. The operating procedures Were as follows. 

10 Each of the active energy ray hardening material of A - C in Table 3 was mixed to the catalyst and was 
defoamed using a vacuum pump. Thereafter, the three defoamed materials were applied on the first 
substrates on which the solid layers had been laminated so as to have a thickness of 70 microns from the 
upper surfaces of the substrates by using an applicator. 

Next* a glass substrate as a second substrate having a thickness of 1.1 mm was laminated on each of 

15 the first substrates oh which the foregoing three kinds of active energy ray hardening materials had been 
laminated in accordance with the position of the liquid chamber forming portion. Each of the glass 
substrates has a concave portion of a depth of 0.3 mm in the liquid chamk>er forming portion and a through 
. holed (liquid supply port) to supply the recording liquid at the center of the concave portion. 

St^sequently . a film mask was adhered onto the upper surface of the second substrate of the laminate. 

20 The light t)eams were applied to the top of the fiquid chamber forming portion with the extra-high pressure 
mercury lamp "UNIARC** (trade name, available from Ushio DenkI KabushlW Kaisha) while shielding the 
liquid chamber forming portion against the active energy rays. At this time, the Integrated intensity of light 
near 365 nm was 1000 mW/cm^. Next, the film mask was removed and the orifices were cut such that the 
electrothermal transducer element is located at the position away by 0.7 mm from the orifice edge, thereby 

26 forming the orifice outlet surface. The three laminates having the exposed orifice or ejection outlet surfaces 
were each dipped in ethanol. Ethanol was filled in the liquid chamber. The dissolving and removing process 
were executed in the ultrasonic cleaner bath for about three minutes in the state in which the ejection outlet 
surfaces are in contact with the ethanol. After completion of the dlssolutk>n and the removal, the cleaning 
was performed using an NaOH aqueous solution of 5 % and pure water. Thereafter, those laminates were 

30 dried and exposed at the rate of 10 J/cm^ by use of the high pressure mercury lamp. In this way, the active 
energy ray hardening materials were completely hardened. 

The residue of the solid layer did not exist at all in any of the liquid passages of the three liquid Jet 
recording heads which had been made a$ described above. Further, these heads were attached to the 
recording apparatus, and the recording operation was carried out using Ink for ink Jet comprising pure 

35 water/glycerd/direct black 154 (vrater-soluble black dye) at 85/30/5 (weight parts). It has been confirmed 
that the stable printing operation was performed. The height of the liquid passages of the resultant 
recording head was atwut 50 microns, and the fielght of the liquid chamber was about 0.37 mm. It has t)een 
confirmed after long term ejection teste that the deviation, non-uniformity or another improper ejection or 
ejection failure did not occur due to the clogging of the ejection outlets. TWs is taecause of the provision of 

40 the two dimensional filter 



46 
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55 Example 5 

Example 5 will be described in which three dimensional whisker filter is used. 

Similarly to the embodiment 4. ©lectrothemial transducers (made of HfB2) as fiquid ejection energy 
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generating elements were fdnned on a glass substrate having a tliickness of 1.1 mm as a first substrate. 
Then, a photosensitive layer having a thickness of 50 microns consisting of a positive type dry film 
"OZATAC R225" (available from Hoechst Japan Co., Ltd.) was laminated on the first substrate. On the 
portions of the surface of the photosensitive layer con-espondlng to the spaces between the lands 21 of the 

5 common liquid passage 15. tiiree dimensional whisker materials 14 having the dimension of 30 - 70 micnjris 
("PANATETRA". trade name, available from h/latsushita Sangyo KiKi Kabushiki Kaisha) are placed at the 
. density of 40.000/1 cm* With this slate, an after-lamlnation-baking operation was carried out for approxi- 
mately 20 minutes at 120 ^'C. During the baking operation, the whlster materials 14 are pressed to the 
positive dry film (photosensitive layer). As a result, the whisker materials 14 are mixed into the photosen- 

w sitlve layer. Subsequently, a mask having a configuration corresponding to the liquid passages 11. the Rquld 
chamber 12. the ejection outlets 13 and the common liquid passage 15, Is overlaid on the photosensitive 
layer. It Is then exposed to ultraviolet rays at the energy density of 70 mJ/cm^. It is spray-devefoped with 
sodium methasllicate aqueous solution of 5 %, thus forming a solid layer 3 having a thickness of 50 
microns on the first substrate. The length of the liqwd passages 11 was approximately 3 mm. 

IS Two hundreds first substrates 1 with the laminated solid layers 3 were manufactured through the same 
process. Active energy ray hardening liquid material shown in the above-mentioned Table 3 were iammated 
on the substrates 1. A resin material and a catalyst were mixed to prepare the curing material, and the 
material was defoamed by a vacuum pump, and It Is applied on the top surface of the first substrate using 
an applicator Into a thickness of 70 microns. 

20 ' TTien. a glass substrate as a second substrate 4 having a thickness of 1 .1 mm was laminated onto each 
of the first substrates 1 on which the active energy ray hardening materials had been laminated in alignment 
with t»^ positkjn of the liquid chamber forming portion each of the glass substrates has a recess portion of 
a depth of 0.3 mm In the llquki chamber forming portion and a through hole (fiquW supply port) to supply 
the recording liquid. Subsequently, a film mask was adhered onto the upper surface of the second substrate 

2s 4 of the laminate. The Oght rays were projected from the above of the liquid chamber tomning portion by the 
extra-high pressure mercury lamp "UNIARC (av»lable from Ushk) Kabushiki Kaisha) while sWeWing the 
liquid chamber forming portion against the active energy rays, thus hardening the hardening material layer 
7, The hardened portion becomes the filfing material 10. At this tlnr>e, the irradiated Intensity of ttie light near 
365 nm of the wavelength was 1000 mW/cm^. Thereafter, the film mask was removed, and the orifice was 

30 cut such that the electrothermal transducers are located at the position away by 0.7 mm from the orifice 
edge, thereby fonning the orifice or ejection outlet surface. 

The laminates having the exposed ejection outlet surfaces were dipped In ethanol. so that the solid 
layer 3 and the unhardened porUon of the hardening material layer 7 were dissolved and removed. The 
dissolving the removing processes were carried out In an ullrasolid cleaner bath for about three minutes in 

35 the state in which the ejection outlets 10 are kept m contact with the ethanol by supplying the ethanol Into 
the Inside of the laminate through the liquid supply port 6 of the second substrate 4. After the completion of 
the dissolution and removal, the cleaning was performed using an NaOH aqueous solution of 5 % and pure 
water. After the cleaning, the laminates were dried and exposed at the integrated rate of 10 J/cm^ by use of 
the high pressure mercury lamp. In this way, the filling material 10 was completely hardened. No residue of 

40 the solid layer fs observed in the liquid passages of any of 200 Ink jet recording heads. 

The 200 recording heads were attached to the recording apparatus, and the recording operation was 
carried out using Ink for ink jet comprising pure water/glycerol/direct black 154 (water-soluble Wack dye) at 
65/30/6 (parts by weight). With the operations the clogging of the liquid passages 15 and the frequency of 
the occun-ences of Improper ink eje<*ons are checked. TTie results are shown in Table 4. The dimension of 

45 the ejection outlets 13 was 50x50 microns. The clearance between the lands 12 of the common liquid 
passage 14 (apertures of the filter) was 30 microns In width and 50 microns in height. 



so 
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Table 4 





Fifter apertures (urn^) (width x height) 


Nozzle clogging'^ (bits/head) 


Printing 




Ex. 1 


1500*^ (30 x 50) 


5/200 


No ejection"^ 


0 






Deviation*^ 


2 


Com p. Ex. 8 


No filter 


57/200 


No ejection 


14 






Deviation 


37 


Comp. Ex. 9 


1500 (30 X 50) 


7/200 


No ejection 


0 






Deviation 


7 



*1 : The area occupied by the whisker matenals are deemed 0. 

*2: The clogging foreign matters in the liquid passages are observed by microscope. The data is 

the number of clogged nozzles per total number of recording heads. 

"3: The ink is not ejected due to the clogging foreign matters (ejection failure). 

•4: The clogging foreign matter impedes the ejection so that the ejecUng direction is deviated. 



20 Comparison Example 8 

The common liquid passage 14 is not provided with any tend. In other words, there Is no portion 
functioning as the filter In the common liquid passage 14. In the other respects, the structures are the same 
as in Example 6. Two hundreds of such ink jet recording heads are manufactured and the liquid passage 15 
26 clogging and the frequency of occurrence of the improper ink ejection, were checked. The results are 
shown in Table 4, too. 

Comparison Example 9 

30 The Ink jet recording heads of this Comparison Example is the same as that of Example 5 except that 
the common liquid passage 14 Is provided with lands 12 without the filler materials 18. Two hundreds Ink jet 
recording heads were manufactured, and similarly to the Example 5. the liquid passage 15 clogging and the 
frequency of the occurrence of the Improper Ink ejection were checked. The results are also shown in Table 
4. 

35 As will be understood from Table 4, the Ink jet recording head according to ^lis emtx)diment showed 
remarkably better results than that of the Comparison Example 8 without any filtering structure. As 
compai^d with the Comparison Example 9 without the filler material In the common liquid passage, it has 
been confirmed that the substantially mesh filter provided by the three dimensional configuration filler 
materials are effective to assuredly preclude the foreign matters from the liquid passages. 

40 Referring to Rgure 16, ihere is shown an example of an ink jet recording apparatus IJRA having the Ink 
jet recording head cartridge IJC including the recording head of this invention. 

The ink jet head cartridge 20 is provided with a group of nozzles (ejection outlets) faced to the 
recording surface of a recording materia fed to a platen 24. The ink jet head cartridge IJC (20) is carried on 
a caniage HC (16). ft is operatively connected with a part of a driving belt 18 for transmitting the driving 

45 force from a driving motor 17. H is slidable on guiding shafts 19A and 19B arranged parallel with each other, 
so that the carriage 16 is rectprocable over the entire length of the recording sheet. 

Designated by a reference numeral 26 is a reconjing head recovering device and is disposed adjacent 
an end of the reciprocating passage of the ink jet cartridge 20. for example, at a posltwn facing to Its home 
position. By the dri>«ng force from the motor 22 through the transmission mechanism 23. the head recovery 

50 device 26 is operated to cap the ink jet cartrkJge 20. In association with the capping of the Ink jet cartridge 
20 by the capping portion 26A of the head recovery device 26. a sucking means in the head recovery 
device 26 sucks the ink, or a proper pressing means provided in an Ink supply passage to the Ink Jet head 
cartridge 20 applies pressure to the ink. by which the Ink is forcedly discharged through the ink ejection 
outlets, so that the ink having the increased viscosty in the nozzles are removed. After the completion of 

65 the recording operation, or the like, the ink jet head cartridge 20 Is protected by being capped. 

A wiping member In the form of a blade 30 made of silicone rubber is disposed to the side of the head 
recovery device 26. A blade 31 is supported by a cantilever on a blade supporting member 31A. and is 
operated by a motor 22 and the transmission mechanism 23, similarly to the head recovery device 26, so 

17 
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that it becomes engageablo to the ejection side surface of the ink jet recording head cartridge 20. By doing 
50, at proper timing in the recording operation of the cartridge 20 after the recovery process operation of 
the recovery device 26, the blade 31 is projected into the nriovable passage of the inl< Jet recording head 20. 
By movernent of the cartridge 20, the dew liquid, wetting or the dusts are wiped out from the ejection side 
5 surface of the cartridge 20. 

The ink [et cartridge may contain the recording head and the integral ink container. Or, it may contain 
the recording head only, to which the ink container Is detechatrfy mountable. 

Refemng to Figure 17, another embodiment of the Ink jet recording apparatus will be described. In 
Figure 17, only the major part of the Ink jet recording apparatus is shown in perspective view. A recording 
10 head 41 for ejecting ink in accordance with recording signals to provide a desired image has the same 
structure as described in the atwDve embodiments. A great number of ejection outlets are formed in the 
range covering the entire recording width for the recording material (fuH-line type), it is manufactured 
through the process described in the foregoing. 

The recording head 41 is mounted in an unshown main assembly of the ink jet recording apparatus. 
16 The ejection side surface 41a in which the number of ejection outlets are formed in a line, is spaced apart 
from a conveying surface 42a of the conveying bett 42 by a predetermined gap. 

The conveying belt 42 is extended around two rollers 43a and 43b rotatably supported on the main 
assembly of the ink jet recording apparatus. At least one of the roller is rotated to rotate the belt 42 In the 
direction indicated by an anrow C. 
20 The recording material is fed to the conveying belt 42 from an unshown sheet feeding station (right side 
of the drawing) and is attracted on the conveying surface 42a of the belt 42 to pass the recording material 
through the gap between the ejection side surface 41a of the recording head 41 and the conveying surface 
42a. At this time, the ink is ejected through the ejectfon outlets of the recording head 41 so that the images 
are recorded. 

25 The present invention Is particularly suitably usable in an ink jet recording head and recording 
apparatus wherein thermal energy by an electrothermal transducer, laser beam or the like is used to cause 
a change of state of the ink to eject or discharge the ink. This is because the high density of the picture 
elements and the high resolution of the recording are possible. 

The typical structure and the operational principle are preferably the ones disctosed in U.S. Patent Nos. 

so 4,723,129 and 4.740,796. The principle and structure are applicable to a so-called on-demand type 
recordffig system and a continuous type recording system. Partlcularty, however, it Is suitable for the on- 
demand type because the principle is such that at least one driving signal is appBed to an electrothennal 
transducer disposed on a liquid (Ink) retaining sheet or Squid passage, the driving signal being enough to 
provide such a quick tempemture rise beyond a departure from nucleation boiling point, by which the 

35 thermal energy Is provided by the electrothermal transducer to produce film boiling on the heating portion 
of the recording head, whereby a bubble can be fornried in the liquid (ink) corresponding to each of the 
driving signals. By the production, developmonit and contraction of the the bubble, the liquid (ink) is ejected 
through an ejection outlet to produce at least one droplet. The driving signal Is preferably in the form of a 
pulse, because the development and contraction of the bubble can be effected Instantaneously, and 

40 therefore, the liquid (ink) is ejected with quick response. The driving signal in the form of the pulse is 
preferably such as disclosed in U.S. Patents Nos. 4,463.359 and 4.345,262. In addition, the temperature 
Increasing rate of the heating suHace is preferably such as disclosed in U.S. Patent No. 4.313.124. 

The structure of the reconiing head may be as shown in U.S. Patent Nos. 4,558,333 and 4,459,600 
wherein the heating portion Is disposed at a bent portion, as well as the structure of the combination of the 

45 ejection outlet, liquid passage and the electrothermal transducer as disclosed In the above-mentioned 
patents. In addition, the piesent invention Is applicable to the stnicture disckised in Japanese Laid-Open 
Patent Application No. 123670/1984 wherein a common slit is used as the ejection outlet for pfural 
electrothermal transducers, and to the structure disckjsed in Japane^ Laid-Open Patent Application No. 
138461/1984 wherein an opening for absorbing pressure wave of the thermal energy is formed conrespond- 

50 ing to the ejecting portion. This is because the present invention is effective to perform the recording 
<H>eratbn with certainty and at high efficiency inespective of the type of the recording head. 

"me present invention Is effectively applicable to a so<alled full-line type recording head having a 
length con-esponding to the maximum recording width. Such a recording head may comprise a single 
recording head and plural recording head combined to cover the maximum width. 

66 In addition, the present Invention is applicable to a serial type recording head wherein the recording 
head is fixed on the main assembly, to a replaceable chip type recording head which is connected 
electrically with the main apparatus and can be supplied with the ink when it is mounted in the main 
assembly, or to a cartridge type recording head having an integral Ink container. 

18 
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The provisions of the recovery means and/or the auxiliary means for the preliminary operation are 
preferable, because they can further stabilize the effects of the present invention. As for such means, there 
are capping means for the recording head, cleaning means therefor, pressing or sucking means, preliminary 
heating means which may be the electrothermal transducer, an additional heating element or a combination 
5 thereof. Also, means for effecting preRminary ejection (not for the recording operation) can stabilize the 
recording operation. 

As regards the variation of the recording head mountaWe, It may be a single corresponding to a single 
color ink, or may be plural corresponding to the plurality of ink materials having different recording color or 
density. The present invention is effectively applicable to an apparatus having at least one of a monoch- 
10 romatic mode mainly with black, a multi-color mode with different color Ink materials and/or a full-color 
mode using the mixture of the colors, which may t)e an integrally formed rscording unit or a combination of 
plural recording heads. 

Furthermore, in the foregoing embodiment, the ink has been liquid. It may be, however, an ink material 
which is solidified below the room temperature but liquefied at the room temperature. Since the ink is 

76 controlled within the temperature not tower tn 30 C**and not higher than 70 C**to stabilize the viscosity of the 
ink to provide the stabilized ejecfion in usual recording apparatus of this type, the ink may be such that it Is 
liquid within the temperature range when the recording signal is the present invention is applicable to other 
types of ink, in one of them, the temperature rise due to the themrial energy is positively prevented by 
consuming it for the state change of the ink from the solid state to the liquid slate. Another ink material is 

20 solWified when It is left, to prevent the evaporation of the Ink. In either of the cases, the application of the 
recording signal producing thermal energy, the ink is Oquefled, and the liquefied ink may be ejected. 
Another ink material may start to be solWlfied at the time when It reaches the recording material. The 
present Invention is also applicable to sudi an ink material as Is liquefied by the application of the themfial 
energy. Such an ink material may be retained as a liquid or solid material in through holes or recesses 

26 formed in a porous sheet as disclosed in Japanese Laid-Open Patent Application No. 53847/1979 and 
Japanese Laid-Open Patent Application No. 71260/1985. The sheet is faced to the electrothermal trans- 
ducers. The most effective one for the ink materials described above is the film Ijolling system. 

The ink jet recording apparatus may be used as an output terminal of an information processing 
apparatus such as computer or the like, as a copying apparatus combined with an Image reader or the like, 

30 or as a facsimile machine having information sending and receiving functions. 

According to the present invention described above, various advantageous effects are provided. During 
the ink ejection actions, the foreign matters having sizes larger than the cross-sectional area of the ejection 
outlets are btocked by the apertures of the filter, and therefore, the foreign matters are prevented from 
reaching the neighborhood of the ejection outlets, so that the Improper ejection occurrence can be 

sa significantly reduced. The apertures of the filter are effective to limit the flow of the ink, and therefore, even 
when the ink jet recording head is strongly vibrated, the leakage of the ink through the ejection outlets and 
the improper ink ejection attributable to the back-flow of the ink to the ink container, can be prevented. 

In the ink jet recording head manufacturing method, during tfie formation of the ejection outlets and the 
Ik^uid passages, the apertures functioning as the filter are Integrally formed through the same manufacturing 

40 process. Therefore, the ink jet recording heads of this invention can be manufactured without increasing the 
number of process steps and without Increase of the number of parts. As compared with the case of using 
separate filter, the manufacturing cost and the number of parts can be reduced. 

According to the ink jet recording head and the manufacturing method therefor usmg the filler filter, the 
filter in the form of a mesh is integrally formed with the nozzle portions for ejecting the ink, and therefore, 

46 there is no need of increasing the number of parts and the number of process steps, and therefore, the 
significant cost reduction is accomplished as compared with the case In which separately manufactured 
filter is used. When the filter nrwiterials are used, the filter is in the form of a mesh, and therefore, the fine 
foreign matters, elongated foreign matters and other solid matters can be assuredly removed without 
reducing the liquid supply performance and without producing variation in the liquid supply properties for 

60 the respective liquid passages and ink ejection outlets. As a result, high quality images can be stably 
provided. Addittonally, the use of the filler material increases the structural strength of the recording head. 

. The ink jet rscording head manufacturing method of this invention provides the following Industrial 
advantages: 

(1) Precision process is possible; 

55 (2) The configurations of the liquid passage, the liquid chamber and the filter are not limited in tenms of 
manufacturing process; 

(3) The process does not require particular skill, and therefore, the mass-production is possible; 

(4) Big choice can be enjoyed in the selection of the active energy ray haidenmg or curing materials. 
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and therefore, the material exhibiting good staictural material properties, can be used; 
<5) Cost is low; 

(8) A large liquid chamber desired by a high density multi-array type recording head, can be easily 
formed with the advantage of easy manufacturing suitable to the mass-production; 
5 (7) Three dimensional filter can be integrally fornned; and 

(8) The filter in the form of a mesh can be integrally formed, and therefore, the function and performance 
can be increased without changing the process* 

While ^e invention has been described with reference to the stnictures disclosed herein, It is not 
confined to the details set forth and this application Is intended to cover such modifications or changes as 

w may come within the purposes of the improvements or the scope of the following claims. 

An inJ< jet recording head includes a plurality of ejection outlets for ejecting Ink; discrete ink passages 
communicating with respective ejection outiets; a common liquid passage communicating with the discrete 
ink passages for supplying ink thereto: a liquid chamber for supplying the ink to the common Ink passages; 
and a filter, constituted by plural projections between the common liquid passage and the liquid chamber. 

16 constituted by plural projections, for preventing foreign matter from entering the discrete liquid passages, 
wherein the adjacent one of the projections define a liquid passing area having a size smaller than that of 
the ejection outlets. 

Claims 

20 

1. An Ink jet recording head comprising: 

a plurality of ejection outlets fbr ejecting inic: 

discrete ink passages communicating with respective ejection outlets; 

a common liquid passage communicating with the discrete ink passages for supplying ink thereto; 
2S a liquid chamt>er for supplying the ink to said common ink passages; and 

a filter, constituted by plural projections between said common liquid passage and said liquid 
chamber, constituted by plural projections, for preventing foreign matter from entering said discrete 
liquid passages, wherein the adjacent one of sard pmjections define a lk|uid passing ar^ having a size 
smaller than that of said Section outlets. 

00 

2. A recording head according to Claim 1 . wherein fiiler materials exist between the adjacent projections. 

a A method of manufacturing an Ink jet recording head, comprising the steps of; 
preparing a substrate on which energy generating element is formed; 
ss providing on said substrate with a solid layer corresponding to a liquid passage corresponding to 

the energy generating element and a liquid chamber for supplying the Ink to the liquid passage; 

forming openings in said solid layer at a position upstream of the liquid passage with respect to 
flow of the ink from the liquid chamber to the liquid passage, said openings provides projections; 

covering a part of said substrate and said solid layer with a structural material to integrally form 
40 walls for the liquid passage and for the liquid chamber and the projections; and 
removing the solid layer. 

4. A manufacturing method according to Claim 3, wherein prior to forming saW openings, the solid layer at 
and adjacent the opening is added with filler materials. 

45 

e. An ink jet recorcfing apparatus comprising: 

an ink jet recording head including a pluraBty of ejection outlets for ejecting inl<; discrete ink 
passages communicating with respective ejection outlets; a common liquid passage communrcating 
with the discrete ink passages for supplying ink thereto: a liquid chamber for supplying the Ink to said 
50 common Ink passages; a filter, constituted by plural projections between said common liquid passage 
and said liquid chamber, constituted by plural pfojections. for preventing iforeign matter from entering 
said discrete liquid passages, wherein the adjacent one of said projections define a liquid passing area 
having a size smaller than that of said ejection outlets; and means for detacbably mounting said 
recording head. 

6. An apparatus according to Claim 5. wherein filler materials exist tsetween the adjacent projections. 
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